, ANDRILL pursues its primary goal of better understanding the role the primary goal of better understanding the role the of better understanding the role the better understanding the role the ing the role the the role the Antarctic cryosphere plays in the global climate system (Harwood et al., 2006) . The ANDRILL drilling system was developed to operate on both ice shelf and sea-ice platforms (Harwood et al., 2006; Falconer et al., 2007; Naish et al., 2007; Florindo et al., 2008) . While thick multiyear sea ice provides stable and safe drilling platforms, identifying drilling targets in regions where these sea-ice conditions occur can be problematic due to a paucity of marine seismic reflection data because near-constant sea ice limits ship access (Fig. 1 ).
-constant sea ice limits ship access (Fig. 1) . constant sea ice limits ship access (Fig. 1) . In response to this problem ANDRILL developed new over-sea-ice seismic methods to extend seismic reflection data coverage to regions of multiyear sea ice.
Previous over-sea-ice seismic experiments had limited success due to (1) poor source coupling caused by thin sea ice, (2) source-induced ice flexural modes that cause coherent -induced ice flexural modes that cause coherent induced ice flexural modes that cause coherent noise, which is difficult to remove from data, and (3) source bubble-pulse effects caused by explosive seismic sources placed in the water column (Cobb, 1973; Cook, 1973; Mertz, 1981; McGinnis et al., 1985; Davy and Alder, 1989; Rendleman and Levin, 1990; Barrett et al., 2000; Bannister and Naish, 2002; Horgan and Bannister, 2004 (Harwood et al., 2004) . ANDRILL developed seismic survey techniques for the SMS Project that improved the quality of over-sea-ice seismic data (Betterly et al., 2007) . A Generator-Injector (GI) air gun was used as the seismic source (Fig. 3A) . Single air-gun-source marine seismic surveys typically use a GI technique, in which a secondary air pulse is injected into the primary air pulse on a short time delay. The injection of the secondary air pulse dampens the generation of the bubble pulse. The GI air gun was lowered into the water column via holes drilled through the sea ice. The GI air gun minimized the source ice. The GI air gun minimized the source ice. The GI air gun minimized the source bubble effects that plagued previous over-sea-ice experiments in the Antarctic. Moreover, a 60-channel seismic snow streamer consisting of vertically oriented gimbaled geophones with 25-m takeout spacing was employed to aid rapid data collection (Fig. 4) .
A ski-mounted insulated hut (the Thunder-Sled) housed the recording equipment and the GI air gun (Fig. 4) . The interior of the hut was divided into two rooms. The forward room was devoted to the GI air gun. Data recording instruments and the GI air-gun shot control were located in the rear room of the hut. Batteries, recharged by solar panels , recharged by solar panels recharged by solar panels placed on the outer walls of the hut, supplied power for the recording and GI air-gun instrumentation. A propane heater fed by external tanks heated the recording room.
A single 210-in 3 GI air gun was suspended from a motorized winch. Compressed air for the air gun was stored in cylinders that were fed by a gasoline powered Bauer drive air compressor. A kerosene heater in the air-gun room and periodic injection of antifreeze kept the GI air-gun system from freezing. behind the source/recording hut, and a load cell was placed , and a load cell was placed and a load cell was placed between the hut and the streamer to monitor load on the streamer (Fig. 3C) .
The signal to noise ratio was increased during windy conditions by repeating air-gun shots (stacking) at each source location, then summing the shots. Seismic acquisition could be carried out in higher wind conditions if the wind blew inline, because the gimbaled geophones have a smaller profile in this direction, so wind-generated noise is minimal.
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-generated noise is minimal. generated noise is minimal. Snow drifting was only a problem after major storms requiring the snow streamer to be dug out. Generally, the snow streamer could be removed from small snow drifts by
The snow streamer consists of five cable sections with twelve takeouts per cable section. A single geophone was takeouts per cable section. A single geophone was attached at each takeout every 25 m along the cable (Fig. 3B) . The geophones are constructed using 30-Hz velocity sensors that are 360° roll gimbaled and have a 180° pitch tolerance. Each gimbaled geophone weighs approximately 1 kg. The cable sections have a central Kevlar stress member attached to a stainless steel cable connection. The cables are designed to remain flexible in extreme cold, and all connections are waterproof and designed to withstand a load of 13,000 N.
,000 N. 000 N. Special sleds were built for each cable connection to reduce the amount of drag friction from the ice and snow surface and to protect the cable heads. The streamer was pulled pelagic sediment. Future coring of these recent sediments could provide a high-resolution Quaternary climate record.
During the austral spring-summer 2008, an over-sea-ice multi-channel seismic reflection survey will be conducted in Offshore New Harbor (ONH; Fig. 1 ) to investigate the stratigraphic and tectonic history of westernmost Southern McMurdo Sound during the Greenhouse World (Eocene) into the start of the Icehouse World (Oligocene). This planned seismic survey will use over-sea-ice seismic methods employed successfully by ANDRILL's 2005 SMS and 2007 MSV surveys. A new seismic recording sled with a larger air compressor, larger air tanks, and improved air-gun winch system is being built to improve the speed and efficiency of data collection.
Prior ANDRILL drilling and site survey activities were supported by a multinational collaboration comprising four national Antarctic programs, the U.S. National Science pulling it forward with a negligible force observed on the it forward with a negligible force observed on the forward with a negligible force observed on the load cell.
The GI air gun provided good source coupling and minimized the source bubble effects and flexural mode problems seen in previous over-sea-ice experiments in polar regions.
previous over-sea-ice experiments in polar regions. By extending the interpretations from nearby marine seismic surveys south to a region of thick multiyear sea ice, ANDRILL scientists were able to plan a safe location of the SMS Project drill site.
During the austral summer 2007, a Vertical Seismic Profile (VSP) survey was conducted at the newly drilled SMS drilled SMS drilled SMS Project borehole. The SMS Project drill core recovered a thick succession of lower Miocene, middle Miocene, and Pliocene to Recent sedimentary rock (Florindo et al., 2008) . The VSP survey used a GI air-gun source and demonstrated that high-quality borehole seismic data can be collected in a sea-ice environment. These data were collected using a three-component clamped geophone and a single near-offset source location. This is the first successful VSP survey conducted from a sea-ice platform using a GI air gun.
In addition, during the austral spring-summer 2007, ANDRILL collected approximately 20.5 km of high-quality seismic reflection data in Granite Harbor on the coast of southern Victoria Land. The Mackay Sea Valley (MSV ; Fig. 1) ; Fig. 1 ) Fig. 1 ) is a deep trough likely formed beneath Granite Harbor by previous expansion of the Mackay Glacier. This seismic survey's intent was to image recent sediment layers that accumulated in the MSV after it had been eroded and last occupied by the ice sheet. The MSV seismic survey incorporated and refined techniques of over-sea-ice seismic data collection that had been used previously during the ANDRILL SMS seismic site survey. The MSV seismic survey was successful in locating a thin succession of low-amplitude reflections atop the higher-amplitude granite basement reflections in the deepest parts of the valley (Fig 5) . The low-amplitude reflections are likely caused by layers of 
